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AnHoTanms. [lonoxuTenbHoe BIMAHHE Ha OpPraHU3M YeJOBEKAa IIOJIMHEHACHIEHHBIX JKUPHBIX KUCJIOT IOATBEPXKAEHO
MHOTOYHCJICHHBIMH HCCIIEIOBAaHUAMH. [103TOMy mpencTaBiIsieTcss aKTyaldbHBIM CO3JaHHE IHIIEBBIX CHCTEM IS OOOTaIleHHsS
NPOJIYKTOB MAacCOBOrO HOTpPeOJIeHUs] (M3MOJOTUUECKH aKTHBHBIMM M OCCEHIMAIBHBIMH  BELIECTBAMH, B  YacTHOCTH
TIOJIMHEHACHIIIEHHBIME )KUPHBIMU KHCJIOTaMU. D QEKT auMEeHTapHOTO IIyHTHPOBAHHS OpPraHH3Ma YeJI0BEeKa ITOJIHMHEHACHIIIEHHBIMU
JKUPHBIMH KHCJIOTaM{ 3aBHUCUT OT MHOXECTBa (DaKTOPOB, CAMBIMH CYLIECTBEHHBIMH CUHMTAIOTCS MX KOJHWYECTBO B PAlMOHE, COCTAB,
COOTHOIICHNUE MOJMHEHACHIIICHHBIX M HACBHIIICHHBIX )KUPHBIX KHUCJIOT, HAJIYAE aHTHOKCUIaHTOB. Llens nccaenoBanuit — pazpaboTka
METOJIVKH YTIPABJICHHSI KAUECTBOM IHINIEBBIX CHCTEM IS OAJaHCHPOBAHUS COOTHOLIEHHS -6 M (0-3 ITOJMHEHACHIIICHHBIX )KUPHBIX
KUCIOT. bbIT pa3paboTaH MporpaMMHBI MPOAYKT, O3BOJISIONIMNA MOAOUPATh COOTHOIIEHHS! KOMIIOHEHTOB B ITHIIEBOX KOMIO3HLIUH
JULSL 33/IaHHBIX COOTHOLICHHH ®-6/w-3. s npumepa Obuta BeIOpaHa NUIIEBas OOOrallamoIas CHCTEMa, COCTOSIIAS M3 JKMbIXa
3apoJIbIIIeH MITEHHIIBI, Macesl aMapaHTa U THIKBBL. CO3/JaHHBIH IPOTPaMMHBII IPOAYKT IO3BOJISIET paboTaTh U C APYTUMH IUILIEBHIMU
cucteMaMu. B pesynprare 00paOOTKHM MaHHBIX OblIa ITOMy4eHa HOMOTpaMMa JUIS OIPEAENICHUS IPOIEHTHOTO COOTHOIICHUS
KOMIIOHCHTOB ®-6/0-3 KMPHBIX KHCIOT B IMHIICBOH cucteme. Pa3paboTaH mporpaMMHBINA HNPOAYKT, MO3BOJSIONIMII MOJ00paTh B
MHIIEBBIX KOMIIO3UIUSIX IO ABYM 3a(MKCHPOBAHHBIM KOJIHYECTBEHHBIM 3HAUEHHAM KOMIIOHEHTOB COIEPKAHHIE TPETHETO KOMIIOHEHTA,
YIIOBJICTBOPSIIOIIETO 33JaHHOMY COOTHOLICHHIO ®-6/-3 kucnoT. IIpeuiokeH BapHaHT MHIICBOH KOMIIO3HLMHM W MHPOBEICHA
arnpoOanus paboThl pa3pabOTaHHOrO MPOrPaMMHOrO MPOAYKTa. YCTAHOBJICHO, YTO MHUIEBas oOoramaronias CHCTeMa Ha OCHOBE
JKMBIXa 3apoJbIIeH IIIICHMIB], Macell aMapaHTa M THIKBBI MOXKET IIPUMEHSTHCS JUIl OOOTAIeHUs IPOXYKTOB IHTaHUS
HOJIMHEHACHIIIIEHHBIMU KUPHBIMH KUCIIOTaMH, IIPU 3TOM CO3JIa€TCsl BO3MOXKHOCTh II€JICHANPABICHHOTO PErYINPOBAHUS COOTHOLICHUS
®-6/®-3 xupHBIX KUCIOT. Pa3paGoTaHHOE MPOrpaMMHOE OOECIeYeHHE MO3BOJSET B YCIOBHSX IPOU3BOACTBA B 3aBHCHMOCTH OT
HaJIMYMsl ONpEeNICHHBIX HaWMEHOBAHUH CBHIPbEBBIX MCTOYHHKOB MOAOMPATh ONTHMAJbHBIC BApHAHTHI MHIIEBBIX KOMIIO3UIMN H
BBIOMpaTh Hanboiee MpHEMIIEMBIH B CIOXKHBIIEHCS MPOM3BOACTBEHHON CHTYaIllMM BapHaHT, NMPUHUMATH PEIICHUS MO JBIKECHHIO
CBIPBsI Ha NPEJIIPHSATHH 1TOCIIE aHAJHM3a ITOJYYCHHBIX JAHHBIX.

KnioueBsle cji0Ba: MOTMHEHACHIIICHHBIC )KUpHBIE KHCI0THI, Oananc [THXXK, omera-3, omera-6, onTuMu3anus, IporpaMMHUpOBaHNE

Modeling of food systems for nutritional correction of the ratio
of polyunsaturated fatty acids in people
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Abstract. The positive effect on the human body of polyunsaturated fatty acids is confirmed by numerous studies. Therefore, it seems
relevant to create food systems for the enrichment of consumer goods with physiologically active and essential substances, in particular
polyunsaturated fatty acids. The effect of alimentary shunting of the human body with polyunsaturated fatty acids depends on many factors,
the most important are their amount in the diet, composition, ratio of polyunsaturated and saturated fatty acids, the presence of antioxidants.
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The aim of the research is to develop a methodology for managing the quality of food systems to balance the ratio of »-6 and ®»-3
polyunsaturated fatty acids. A software product was developed that allows you to select the ratio of the components in the food composition
for the given ratios m-6/w-3. As an example, a food enrichment system was selected, consisting of oilcake of wheat germ, amaranth and
pumpkin oils. The created software product allows you to work with other food systems. As a result of data processing, a nomogram was
obtained to determine the percentage ratio of w-6/«-3 fatty acid components in the food system. A software product has been developed
that makes it possible to select the content of the third component in food compositions according to two fixed quantitative values of the
components that satisfies the given ratio of »-6/w-3 acids. A variant of the food composition is proposed and the work of the developed
software product is tested. It has been established that a food enrichment system based on cake of wheat germ oil, amaranth oil and pumpkin
oils can be used to enrich food products with polyunsaturated fatty acids, and this creates the possibility of targeted regulation of the ratio
of ©-6/w-3 fatty acids. The developed software allows, in production conditions, depending on the availability of certain types of raw
materials, to select the best options for food compositions and choose the most suitable option in the current production situation, make
decisions on the movement of raw materials at the enterprise after analyzing the data.

Keywords: polyunsaturated fatty acids, PUFA balance, omega-3, omega-6, optimization, programming

Brenenue Pe3yabTaThl M 00cyxKI1eHNE

[TonoxutenbHOE BIUSHUE HA OPTaHHU3M Beut pa3paboTaH MporpaMMHBIA MPOAYKT,
YeJIOBEKa IMOJIMHEHACHIIIEHHBIX XKUPHBIX KHUCIOT TIO3BOJISFONIMA  TI0I0MPaTh COOTHOLIEHUS KOMIIO-
(IMTHXK) mnOoATBEp)KIAEHO  MHOTOYHCICHHBIMH HEHTOB B IHUILEBOM KOMIIO3ULIMK ISl 33/IaHHBIX
uccnenoBaHusIMu. DPPEKT aTMMEHTAPHOTO IIyH- COOTHOIIICHHH @-6/@-3. B 0CHOBY OnTHMM3aIMK ObLTH
tupoBaHus opranuzma denoseka [THXKK 3aBucut 3anokeHbl pexomennarmu HAW marannst PAMH.
OT MHOXECTBa (DAKTOPOB, CaMBIMH CYIIECTBCH- Jns mpumepa Obuta BBIOpaHa MHIIEBAS
HbIMH cunTatoTcst konuuectBo [THXKK B pannowne, oboramatomas cucrema (IIOC). Co3znanHblit
nx cocrtas, cootHomenne ITHXXK m HacwmeHABIX NpOrpaMMHBIN MPOAYKT MO3BONAET paboTaTh U
YKUPHBIX KUCJIOT, HAJIMYKME aHTUOKCUAAHTOB. B 1o- C IPYrMMM IHIIEBBIMU cHCTeMaMH. OCHOBHBIM
CJeIHEE BPEMs 3HAUUTEIIbHBIM HHTEPEC OTBOJUTCS xomroseHToM ITOC ABAeTCS KMBIX 3apOABIIICH
HAJTMYMIO B PAIMOHAX THTAHUS y PAa3IHYHBIX mmenunsl (OK3I1). B xMbIxe octaTtouHoe Konmue-
IPYII HACENeHHs @6 1 -3 MOJMHEHACHIEHHbIX CTBO Macjia cocTaBisieT 8%, Ipu TOM COOTHOILICHHUE
KUpHBIX Kuciot [1-11]. @-6: -3 HaxouTCs Ha ypoBHE 3:1, 4TO HE COCTaBISIET

CornacHO HOpMaM (PU3HOIOTUYECKUX MO- peKomMeHyeMpiM Hopmam [14, 15].
TpeOHOCTEH BBEIEH PEKOMEHIYEMBIH YpPOBEHb Jns ontnmusanmu cootHomenns @-6/w-3

B I1OC npexsaraercst BHECTH KyTIaXK paCTUTENFHBIX
Macell CeMSIH aMapaHTa v THIKBBI. AHaIN3 dKCIIepH-
MEHTAJILHO OIPEAEIEHHOTO KUPHOKUCIOTHOTO CO-
CTaBa Maclia 3apOJIbIIICH MIIEHUIBI MMOKA3al, YTO
B HeM HesameHuMbix [THXKK comepxxutcst okono
58% ot ux obwero komuyectsa. [Ipu conepkannn
macia B JK3I1 8% na nomo -6 u @w-3 npuxoauTcs
3,41 1,2 v 8100 r mpoaykTa COOTBETCTBEHHO.

To ectb comepxkanue @-6 KUCIOT cye-
CTBEHHO HIXE PEKOMEHAYEeMOTo. AHaIU3Upys
KHPHOKUCIIOTHBIA COCTaB aMapaHTOBOTO U THIK-
BEHHOTO Macej, MOXKHO cJenaTh 3aKIloYeHue
0 TOM, YTO HHU OZHO W3 HHUX HE yJOBJIETBOPSET
HEOOXOAMMOMY COOTHOIIEHUIO @-6:@-3 U cocTaB-
nsiet 50:1 u 3:1 cOOTBETCTBEHHO.

B pesynprare 00paboTkn JaHHBIX Ha pa3zpado-
TaHHOM NPOrPaMMHOM MPOAYKTE ObUla MOMy4YeHa

aIeKBaTHOTO TOTpebieHuss @6 u @3 KUPHBIX
KUCJIOT JUISl B3POCTIBIX, COCTABIISIOIIMK COOTBET-
crBenHo 5-10 u 0,8-1,5 r/cyTKM TIpy COOTHOIIIEHUT
@-6/w-3 5-10:1[12]. TlosTomMy TmpencTaBiIseTCs
BECbMa aKTyaJIbHBIM CO3JIaHHE MHUIIEBBIX CHUCTEM
Ul o0orameHnsl MpoAyKTOB MaccoBOIO MOTPeO-
NeHus1 (U3NOIOTUYECKH AKTHBHBIMH U DCCCHITU-
alpbHBIMU  BemiecTBamMu, B yactHoctu ITHIKK,
YTO COIJIACyeTCsl C OCHOBAMH T'OCYJapCTBEHHON
noautuku PO B cekTope 310pOBOT0 MUTaHUS Hace-
neHust U «KommiekcHOH nporpaMMoi pa3BUTHUS
6uorexHosoruii B PO Ha mepuox 2020 roga» [13].
Hean pabGoTbl — pa3paboTka METOAMKU
yIpaBJIeHHsST KAueCTBOM THMIICBBIX CHUCTEM ISt
OaylaHCUpOBaHMS COOTHOMICHUS @-6 U @-3 Tou-
HEHACBIIICHHBIX KUPHBIX KUCIIOT.

MatepuaJbl H MeTOABI HOMOTpaMMa JUTS ONPEZIENICHHs MPOIIEHTHOTO COOT-

B paGoTe HCIONB30BAICH METOJ 0OBEKTHO- HOLIEHHUs aMapaHTOBOTO, ThIKBeHHOro Macna 1 JK3II,
OPHEHTHPOBAHHOTO IPOrPAMMUPOBAHHS Ha S3bIKE IpHU KOTOPOM obecrednBaeTcst TpedyeMoe COOTHO-
Python 2.6, mpumeHnsitack cucTema Jisi CTAaTHCTH- wenne -6/@-3 xnpupix kucnor. [t tpeGyemoro
YeCKOro aHanm3a JaHHbx Statistica 6.1.478. Ipo- COYCTAHMS KHCIIOT HEOOXOXMMO BEIOMPATH TOUKY
TpaMMHBIA TIPOAYKT Ha UMIICPATUBHOM, CTPYKTY- Ha HOMOTPAaMMe  BHYTPH HEKOTOpOil  o0macTy.

ITporpaMmHOe oOecnieueHue 03BOIAET IOCUUTATh
1oJ| 1ByM 3a(pUKCHPOBAHHBIM U3MEPEHHUSM 3HaYC-
HUE TPETHETO, YAOBIETBOPAIONIEE 3aAAHHOMY

PHUPOBaHHOM, OOBEKTHO-OPUEHTHPOBAHHOM SI3BIKE
nporpammupoBanus Delphi 7.0. buGnuoteka
MaTeMaTH4YecKuX Berauciennii Alglib.
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COOTHOMICHHUIO. [IpOorpaMMHBIA MPOAYKT HAIKCAH
Ha MUMIIEPaTHBHOM, CTPYKTYPHPOBAHHOM, OOBEKTHO-
OPUEHTHPOBAHHOM  SI3bIKE MPOTPAMMHPOBAHUS
Delphi, xotopsli siBisiercs: muanekrom Object Pascal.
JaHHBI S3BIK UACATBHO MOAXOAMT JIA aHAIU3a
W BU3yanu3anuu Aanaeix [14-18].

post@uestnik-vsuet.ru

Ha pucynkax 1-3 npencTaBieHbl BAPHAHTHI
CKpPHHIIOTOB HHTepdeiicoB pabortatomeld mpo-
rpaMMbl ToA00pa KOMIOHEHTHOTO coctaBa [10C,
KOTOpasi MO3BOJISICT HAXOMUTh KOHKPETHOE KOJIH-
gecTBO Kaxkaoro uarpeaueHTa IIOC mpu 3axanHOM
COOTHOIICHUU -6 U -3 )KUPHBIX KHUCIOT.
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Pucynox 1. WuTtepdeiic mporpamMMbl momdopa KOMIIOHEHTHOTO COCTaBa IHIIEBOH OO0OTamaromeil CHCTEMBI C
(UKCHPOBAHHBIMU 3HAYCHUSIMU coneprkanust macen amapanTa (8,50%) u toikebI (1,40%) U pacCUNTaHHBIM 3HAYCHHEM
coziepKanms xxMbixa 3apositreit mmenwist (90,10%) st 3amanHoro cootHomenus kuciot @-6/w-3 (10,0/1,0)

Figure 1. The interface of the program for selecting the component composition of a food enrichment system with fixed
values for the content of amaranth oils (8,50%) and pumpkins (1,40%) and the calculated value of the content of cake of
wheat germ (90,10%) for a given ratio of acids «-6/@-3 (10,0/1,0)
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Pucynok 2. Wnatepdeiic mporpammsl moadopa KOMIIOHEHTHOTO cCOCTaBa MHIIEBOI oOoramiaromeil CHUCTeMBl ¢
(pMKCHPOBAaHHBIMU 3HAYECHUSIMU copaepkaHusi macna ThIKBB (1,40%) m sxMbixa 3apoapimed mmenuns! (90,0%) u
paccuMTaHHBIM 3HaYEeHHEM Maciia amapanTa (8,60%) [is 3aJaHHOr0 COOTHOILICHHUS KUCIOT @-6/w-3 (6,5/1,0)

Figure 2. The interface of the program for selecting the component composition of a food enrichment system with fixed
values of pumpkin oil content (1,40%) and wheat germ cake (90,0%) and the calculated value of amaranth oil (8,60%)

for a given ratio of acids «-6/w-3 (6,5/1,0)
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Pucynok 3. HWHrepdeiic nporpaMmel momdopa KOMIIOHEHTHOTO COCTaBa IHIIEBOW OOOTAIIAIOMICH CHCTEMBI
¢ (UKCMpOBaHHBIMU 3HAYCHUSIMU coJlepKaHus Macia amapaHnTa (8,50%) u xMbixa 3apossimeii mmennist (70,06%) u
paccyMTaHHBIM 3HaYeHHEM Maciia ThIKBbI (21,44%) amst 3amaHHOro cooTHOLIEHHs KucnoT @-6/@-3 (5,0/1,0)

Figure 3. The interface of the program for selecting the component composition of a food enrichment system with fixed
values of amaranth oil content (8,50%) and wheat germ cake (70,06%) and the calculated value of pumpkin oil (21,44%)

for a given ratio of acids «-6/w-3 (5,0/1,0)

Ha pucynkax 1-3 B KauecTBe HCXOHBIX
JTAHHBIX BBICTYIAIOT TOJS JJIS BBOJIA KOJIHYECTBA
TBHIKBEHHOT'0, aMapaHTOBOT'O MaCJIa M >KMbIXa 3apOJIbl-
IIeH MIICHUIBI, a Takke TpedyeMoe COOTHOIICHHE
kuciotr. M3 pucynka 1 BUAHO, 4TO HaNpPOTUB TO-
Jieid ¢ copepikaHreM THIKBEHHOT'O M aMapaHTOBOTO
MacJia rmoctaBJeHsl Guara «3aQuKCHpoBaTh». ITO
03HaYyaeT, 4To B JAJIbHEHIIEM B ITpoLiecce ONTUMH-
3allU¥ 3T 3HAYCHUS U3MEHSThCS He OyayT. [Tocie
HaXXaTHsl Ha KHOIIKY «AHam3» OyAeT nmpou3BercHa
ONTUMH3ALUS, Pe3yJbTAaThl KOTOPOW BUJIHBI Ha
rpaduke cnpasa. B pe3yibTate mpoBeaeHHON ONTH-
Muzare B mionie ¢ cogepkanueM JK3II mosiBuTCes
KOHKpETHOE 3HaueHue (B maHHOM ciydace 90,1%),
a B moJie «Tpebyemoe cooTHomeHue @-6/w-3 sxup-
HBIX KACITOT» 1ytst aHHoro ciyyast (FK3IT — 90,1%;
macio amapanrta — 8,5%; macio TeIkBbI — 1,4%)
OyZeT yKa3aHO COOTHOIICHHE S>KUPHBIX KHCIOT
(B mannoM npumepe @-6/@-3 pasno 10:1).

U3 pucyHka 2 cienyer, 4To B 3TOM clydae
W3HAYAIBHO 33aJ]aHbl 3HAYCHUS COACPIKaHMS Maclia
TeikBel  (1,40%) wu XK3IT (90,0%). Pesynbratom
ONTUMH3ALUN PaOOTHl NPOTPaMMBbI SIBJISIETCS TO,
YTO MPH cooTHOMmECHNH @-6/-3 (6,5/1,0) KonmuuecTBO
Maclia aMapaHTa B MUINEBOW KOMIIO3UIIUK OyaeT
cocTaBiath 8,60%.

PazpaboranHasi mporpamma, TpeICTaBIICH-
Has HA PUCYHKE 3, OTJINYACTCS TEM, YTO B JIAHHOM
cllydae HEW3MCEHHBIMH SBISIIOTCS —COJIEpXKAHUE
macina amapanta (8,50%) wu K31 (70,06%).
A B mporecce pabOThl TPOrpaMMbl 3aJJaHHBIMH
cootHomeHusiMu  @-6/@w-3 cumratorcs  5,0/1,0).
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[Ipu osTOM paccunTaHHOE KOJMYECTBO Macia
TBIKBBI B cMecu paBHO 21,44%. BaxxHO OTMETHUTB,
YTO MPUMEHEHHE JaHHOTO POTrPaMMHOTO o0ecIeye-
HUSL MOXKET OBITh aKTyalbHBIM Ha HPOMBIIUICHHBIX
NPEANPUITUSIX  JUIS PEJABAPUTEILHOTO pacyera
Y BapbHpPOBaHUS pELENTyp TMHIIEBBIX cMecel
C Y4eTOM HaJINYHS B JJAHHBIH MOMEHT KOHKPETHBIX
BUJIOB CBIPbsI C OTPEIEICHHBIMH KaueCTBEHHBIMHU
MI0KAa3aTesIMA U MacCOM.

3akiouenne

Takum 06pa3oM, IpH MPOBEACHUH UCCIIEIO0-
BaHM OBUTH MOJTyUYECHBI CIIEAYIOLINE PE3yIbTaThI:

— pa3paboTaH NpPOrpaMMHBIH  MPOJAYKT,
MO3BOJISIIOIIMK MOA00paTh B MHIIEBBIX KOMIIO3H-
[MSIX 10 JIBYM 3a(pUKCUPOBAHHBIM KOJIMYESCTBEHHBIM
3HAYCHUSIM KOMIIOHEHTOB COJICP)KaHHE TPETHETO
KOMITOHEHTa, YJOBJIETBOPSIOIIETO 3aJaHHOMY
COOTHOIIEHHIO @-6/®w-3 KUCIIOT;

— MpPEJIOXKEH BAPHAHT MHIIICBON KOMITO3UIIUH
Y TIpOBeJIeHa arpoOarus padoThl pa3padOTaHHOTO
MPOrpaMMHOTO MPOJYKTa;

— YCTaHOBJICHO, YTO MMHUIIIEBAst 00OTaIIArOIIAs
crcTeMa Ha OCHOBE KMbIXa 3apObIIIEH MIIICHNB,
Macell aMapaHTa M THIKBBI MOXET MPHUMEHSTHCS
st oboramienuss npoxaykroB murtanus [THXKK,
NPy 3TOM CO37aeTCsl BO3MOXKHOCTH IIeJICHAIPaB-
JIEHHOTO PETyJIHPOBaHMSA COOTHOIIEHUS @-6/w-3
’KHPHBIX KUCIIOT.

Pa3zpaboTtarnoe mporpaMMHOe obecrieucHue
MO3BOJISET B YCIOBUSIX MPOU3BOJICTBA B 3aBHCUMO-
CTH OT HAJIMYUS OMNPEICICHHBIX HAUMCHOBAHUHN
CBIPbEBBIX MCTOYHHKOB MOAOUPATH ONTUMAIIbHBIC
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BapHaHThl THINEBHIX KOMITO3UIMHA C 3aBEIOMO mporpamMma paboTaeT ISl MOyYEeHUsT YHCIICHHBIX
W3BECTHBIM COOTHOIICHHEM @-6/@-3 U BHIOMPATH 3HAa4EeHUI paCCMOTPEHHOM BBIILIE TUIIEBON KOMIIO-
HauOoJiee MPHEMJICMBIN B CIIOXKUBIICHCS TMPOU3- 3ummd.  J{ns cucteM ¢ IPYTUM  KOMITOHEHTHBIM
BOJICTBEHHOW CHTyalldd BapuUaHT, NPUHUMATH COCTaBOM HEOOXOMMBI JIOTIOTHATEHHEIE CBE/ICHUS,
pEIIeHUs TI0 JABWKECHHUIO CHIPhS HA HPEANPUATHH HO IpOrpaMMa MOXKET OBITh JIETKO MOTUPUIIPO-
Mocjie aHaju3a IOJIyYeHHBIX HOaHHBIX. JlaHHas BaHa MPHU UX HATNYHH.
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